Participation in the European Economic Area (EEA) and the intention to join the monetary union increased the motivation of the new Member States to achieve a high level synchronisation of economic activity with the euro area. This paper aims to characterise fl uctuations of economic activity that are common for the Baltic States, Central and Eastern European (CEE) countries, euro area countries, and Russia. For analysis of real standardised GDP growth, the dynamic factor model is employed.
Introduction
One of the major EU objectives is to establish not only a common economic area but also a common monetary area. To enter the euro area, the new EU Member States should meet the Maastricht criteria, which include successful participation in the European Exchange Rate Mechanism II (ERMII) for two consecutive years. The majority of the new EU Member States (except Slovenia, which has already adopted the euro, Poland, the Czech Republic, and Hungary) have already joined the ERMII.
Participation in the European Economic Area (EEA) and the intention to join the monetary union have increased the motivation of the new Member States to achieve high level synchronisation of economic activity with the euro area. In the case of synchronised economic fl uctuations, the costs of possible counter-cyclical monetary policy are minimised 3 , which is in line with the theory of optimum currency area (OCA) 4 . The ability to assess the magnitude of cross-country co-movements in the economic activity of the Baltic States and to obtain a common development pattern with other countries of the European Union (EU), particularly the euro area, is of great importance. This paper aims to characterise the fl uctuations of economic activity that are common for the Baltic States, Central and Eastern European (CEE) countries represented by the Czech Republic, Poland, Slovakia, and Slovenia, euro area countries represented by France, Germany, and Italy, as well as the Commonwealth of Independent States (CIS) represented by Russia. Real standardised GDP quarterly growth is chosen as an indicator of economic development of countries.
The main questions to be answered within the current research are as follows:
• Do the Baltic States share a common factor in real GDP growth? • Are the Baltic States signifi cantly different from other Central and Eastern European countries in respect to co-movements in economic activity? • To what extent does real GDP growth in the euro area, Russia, and CEE countries explain developments in real GDP growth in the Baltic States?
In order to answer these questions, the dynamic common factor model is employed. This assesses the impact of various common factors on real standardised GDP growth of individual countries.
The paper is structured as follows. Section 2 lays out the methodology employed. Section 3 provides some details of data. Section 4 presents the research results. Section 5 sums up.
Analysis of business cycle synchronisation
The defi nition of business cycles has changed over time. In early studies, a business cycle, the so-called classical cycle, was defi ned as sequences of expansions and contractions in series representing levels of economic development. This approach is typically associated with the National Bureau of Economic Research (NBER) 5 .
Later, due to very high rates of real economic growth after WW II and a slowdown rather than absolute declines in overall economic activity, a view that an economic time series should be decomposed into the sum of trend and cyclical components, commonly referred as a growth cycle 6 , was developed. According to the OECD defi nition, a growth cycle is a more accurate 3 See, for example, Darvas and Szapary (2005) . 4 The theoretical foundations of currency unions have been developed in the literature on OCA pioneered by Mundell (1961) and continued by McKinnon (1963) and Kenen (1969) . 5 See Monch and Uhlig (2004) for an example of applied NBER developed methodology and the Bry-Boshan procedure. 6 The term "growth cycle" was introduced by OECD in 1960.
defi nition of cycles of economic activity where contractions (expansions) include not only absolute declines (increases), which is in line with the NBER approach, but also slowdowns (accelerations). The main questions in respect to the OECD approach are how the trend and cyclical component should be identifi ed and estimated. In order to solve these issues, a range of parametric and non-parametric measures have been developed 7 .
Since the end of the 1980s, business cycles have been viewed in a wider international context, taking into account the economic interactions of different countries. Special attention was paid to the defi nition of the common business cycle given by Burns and Mitchell in 1946 8 , which states that the common business cycle can be seen as the co-movement of aggregate economic activity of countries, defi ned by the similar timing of expansions and contractions in economic developments. These theoretical concepts were empirically proved by Stock and Watson (1988 , 1991 , 1998 who used a dynamic factor model to capture co-movements by obtaining a single common factor from a set of many macroeconomic series, and Hamilton (1994) who developed a nonlinear model with a discrete regime switching between periods of expansion and contraction to assess the dynamics of real GNP 9 .
A number of different methods have been applied to study the degree of synchronisation between economic variables. Three main groups are mentioned in the literature. First, the correlation approach; second, VARs, particularly structural VARs; and third, the factor model approach. The survey paper by Firdmuc and Korhonen (2006) reports 35 studies (the fi rst two approaches are mainly used) on business cycle correlation between the euro area and all CEE countries. The results of most studies indicate a high level of synchronisation between economic indicators of euro area and CEE countries, such as Poland, Slovenia, the Czech Republic, and Slovakia, with almost no synchronisation between the Baltic States and the euro zone. The results for the Baltic States could well be explained by the specifi c shock to the Baltic economies due to the Russian crisis of 1998 and the length of data series (mostly up to 2002) . Longer data series allow us to eliminate the effect of the Russian crisis and to come up with new results of synchronisation between GDP growth series for the euro zone and Baltic States after 2000.
The current paper is based on analysis of co-movement of economic indicators and follows the dynamic factor model specifi cation of Monfort et al. (2004) and Moneta and Ruffer (2006) . According to the literature on synchronisation of business cycles available to the authors, the existence of common factors between the euro zone and the Baltic States, eliminating the negative shock caused by the Russian crisis of 1998, have not been evaluated using the above approach.
In the specifi cation of the dynamic factor model it is assumed that the n-dimensional stochastic process y i,t (i = 1,...,n) depends linearly on m unobservable factors z k t (k = 1,..., m ), which in turn follow the fi rst order autoregressive process. The linear state-space model can be written in a matrix notation as follows: represents variances of the error term. The B matrix measures the instantaneous impact (factor loadings or sensitivities) of common factors on each series y i .
The advantage of this specifi cation is that it is fairly fl exible and allows for distinguishing between the factors common for all y i and factors common for a group of y i (specifi c common factors). In the case of specifi c factors, a system of equations [1] can be decomposed into the following system of equations:
where Z t is the specifi c factor for a group series and W t is the common factor affecting all series
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. The Kalman fi lter approach is used to estimate the parameters of the model
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Data
The source of quarterly seasonal and working day adjusted European data for the period from 1996 to 2007 is the EUROSTAT database, the source of Russian GDP data is the Federal State Statistics Service of Russia. GDP data for Russia have been seasonally adjusted using the Census X12 method. The data set is log-differenced and standardised to remove the scale effect of different economies and to ensure comparability of time series fl uctuations. This provides a comparison of estimated coeffi cients between countries within the frame of a single model without implementing additional weights.
Quarterly real standardised GDP data for European countries and Russia are used to evaluate synchronisation of economic activities. Countries are subdivided into three main groups, according to the interest of the current paper: the Baltic States (Latvia, Lithuania, and Estonia), CEE countries (the Czech Republic, Poland, Slovakia, and Slovenia), euro area countries (France, Germany, and Italy) and the CIS (Russia).
Results
Since the Baltic and most of the CEE countries have joined ERM II and synchronisation of economic activity of countries within the euro area is gaining importance, special attention in the current paper is given to analysis of common fl uctuations of real economic activity in the euro area, the Baltic and CEE countries. In order to obtain a deeper understanding of the impact of Russia's economic activity on the economic activity of the Baltic States and, in particular, of the 1998 crisis, Russia is also included in the analysis 12 .
Additional analysis of synchronisation between Scandinavian (Sweden, Norway, Finland, and Denmark) and euro area countries proved that these countries share a common factor. The individual common factor of Scandinavian countries in addition to a common factor for Scandinavia and the euro area is negligible during the period analysed. Therefore, the authors found no evidence that the economic development of Scandinavian countries could have a different infl uence on the Baltic States compared to euro area countries. For this reason, the current publication does not provide a detailed analysis of a common factor between Scandinavia and the Baltic States, which to a large extent is similar to the common factor for the euro area and the Baltic region.
Common dynamic factor models of real standardised GDP growth in the Baltic States
This section presents the results of four common dynamic models for the Baltic States.
Common factor for real standardised GDP growth in the Baltic States
To estimate a common factor for real standardised GDP growth in the Baltic States, a onefactor model is employed. Parameter estimates for a model of one common factor appear in Table 2 .
Lagged dependent variables are not signifi cant, while the impact coeffi cients of the common factor are all signifi cant and similar in magnitude among countries (see Table A1 in the Appendix). Analysis of static correlation between the common factor for the Baltic States and real standardised GDP growth (see Table 1 ) indicates that on average the economic activity of Lithuania is less synchronised with the common factor and hence also with fl uctuations of the economy in Latvia and Estonia.
The results of correlation analysis and estimated b coeffi cients of common factor impact suggest that the estimated factor to a large extent represents economic activity in Latvia. Real standardised GDP growth of Estonia and Lithuania shows that additional specifi c fl uctuations in the economic development of these countries are more pronounced.
As Chart 1 shows, there are two specifi c medium-term deviations from the zero level in common factor for real GDP dynamics in the Baltic countries: the fi rst corresponds to the negative exogenous shock in 1998 (the Russian crisis) and the second captures the positive exogenous shock in 2004 (accession to the EU) and the following period of consistent and rapid economic growth up to the end of 2007.
Chart 1 Common factor for real standardised GDP growth of Latvia, Lithuania, and Estonia; +/-2RMSE
To assess the degree of synchronisation among countries and to investigate if any dynamics exist, the correlation analysis over a four-year moving window is estimated (see Chart A2 in the Appendix). The moving correlation between the common factor obtained and real standardised GDP growth for Estonia and Latvia is quite stable. The moving correlation for Lithuania during 2000-2002 is stable as well; however, later the tendency changes. Correla- 13 Standard error in parenthesis.
14 Hereinafter, the variance of error term (ε t ) is set at 1 (due to data standardisation and for identifi cation purposes). Note: coeffi cient is signifi cant at 1% (***), 5% (**), 10% (*) tion gradually vanishes and remains close to zero after 2006. The period of stable correlation can be explained by a similar response to the Russian crisis and further recovery.
The low overall correlation for Lithuania and the downward slope of moving correlation after 2002 may be explained by the country's specifi c economic structure compared with other Baltic States. One possible reason for this may be the large share of the oil processing industry in the manufacturing sector and differences in credit market development. For example, due to low infl ation, the real interest rate in Lithuania remained positive up to 2005, which is not the case for Latvia and Estonia where the respective rate had already turned negative in 2004 (see Table A3 ). Compared with other Baltic States, such dynamics of the real interest rate in Lithuania during the period under review stimulated private consumption to a lesser extent, bringing about moderation of growth in domestic demand. Therefore Lithuania is the only Baltic country which does not show signs of its economy overheating in the period under review after 2004, which indicates moderate GDP growth level compared with neighbouring countries.
Common factors for real standardised GDP growth in the Baltic States and CEE countries
In order to check if a common factor exists in the development of real standardised GDP growth for the CEE and Baltic countries, the previous model is augmented by an additional common factor for the Baltic States and CEE, while retaining the common factor for the Baltic States. The number of factors to be included in the model is checked by information criteria (see Table A4 ); the specifi cation with the smallest value is chosen. Table 3 shows parameter estimates for the model. Note: coeffi cient is signifi cant at 1% (****), 5% (***), 10% (**), 15% (*)
The impact of the common factor for the CEE and Baltic countries is not signifi cant for all countries, implying that no common factor exists for the CEE and Baltic countries (see Table  3 ). CEE and Baltic countries do not share a common factor that explains fl uctuations in real standardised GDP growth.
Common factors for real standardised GDP growth in the Baltic States and the main euro area countries
Similar to analysis of the common factor for the CEE countries and Baltic States, the common factor in development of real standardised GDP growth for the main euro area countries and Baltic States is estimated. Parameter estimates of the two-factor model, one of them common for the Baltic States and euro area, and the other only for the Baltic States, appear in Table 4 . The inclusion of two common factors is proved by the Akaike information criteria (see Table A4 ). 
-2nd common factor (for the Baltic States only) Note: coeffi cient is signifi cant at 1% (****), 5% (***), 10% (**), 15% (*).
The common factor for the euro area and Baltic States as well as that for the Baltic States only has a statistically equal effect on the dynamics of real standardised GDP growth in Latvia and Estonia (see Table A5 ). Compared with the one-factor model, coeffi cient b i for the common factor of the Baltic States became smaller due to inclusion of an additional factor, which picked up some explanatory power from the common factor for the Baltic States. Together with statistically signifi cant coeffi cients of b i and c i this indicates subdivision of fl uctuations of real standardised GDP growth between the factors and proves that the Baltic and euro area countries share a common development pattern. Subdivision of fl uctuations caused a decrease of static correlation coeffi cients for the common factor for the Baltic States (see Table 2 and Table 5 ). Implementation of the second common factor decreased the volatility of the common factor for the Baltic States; thus the effect of economic fl uctuations common to the euro area and Baltic States is removed from this factor (see Chart 2).
1st common factor (LV, EE, LT, IT, FR, DE) 2nd common factor (LV, EE, LT)
Chart 2 Common factors for real standardised GDP growth in the two-factor model; +/-2RMSE
In order to analyse the contribution of each common factor in relation to economic growth of the respective country, real standardised GDP growth has been subdivided according to the importance of common factors and the individual factor, which is defi ned as a part of economic activity growth not explained by common factors.
The contribution of estimated common factors to the dynamics of real standardised quarterly GDP growth in the Baltic States appears in Chart A6. The common factor for the Baltic States explains the slowdown of economic activity due to the common response of the Baltic Region to the Russian crisis of 1998. The positive development of the euro area, supplemented by successful reorientation of Baltic exports from the Russian to the European market (see Table  A7 ), speeded up recovery of the Baltic States' economic activity in 1999 -2000.
The contribution of the common factor for the Baltic States after 2001 is mostly positive, showing an overall positive economic development in the Baltic Region. A somewhat negative impact of the decline in economic activity of the euro area was present in 2001 -2003 . After accession to the EU, the common factor for the Baltic States represents a pronounced positive effect on the economy.
The correlation over a four-year moving window between common factors and the series of real standardised GDP growth of countries appears in Chart A8. The results show that after 2002 real standardised GDP growth in Latvia became more correlated with the common fac-tor for real standardised GDP growth in the euro area and Baltic States. Estonian real standardised GDP growth is stable during this period.
After 2004, the share of exports from the Baltic States to the new EU countries increased signifi cantly (see Table A7 ) due to strong growth of domestic demand in the EU10, which induced an increase in imports of goods and services (see Table A9 and Table A10 ). Together with moderate economic growth in the EU12, this determined a change in the structure of exports from the Baltic States to the EU (see Table A7 ). The share of foreign trade to the EU12 decreased, mainly due to decrease of export share. The decline observed in the share of exports to the euro area after 2004 is explained by the recorded decrease in the value of four-year moving correlation between the fi rst factor (common for the Baltic States and euro area) and real GDP growth series after 2004 (see Chart A8).
Additional analysis of synchronisation between the CEE and euro area countries suggested that these countries also share the common factor; however, the common factor for CEE countries only is not signifi cant. The four-year moving correlation between the common factor for the euro zone and CEE and real standardised GDP growth for CEE countries has on average been increasing since 2004. This fi nding, together with the results of the current section, proves that the CEE and Baltic countries are both moving towards higher synchronisation with the euro area. This could be seen as a positive sign in the process of integration into European monetary union for new European countries. Taking into account the above, it could be foreseen that synchronisation between Baltic and CEE states might improve.
Common factors for real standardised GDP growth in the Baltic States, main euro area countries, and Russia
To evaluate the impact of Russian economic activity and, in particular, the crisis of 1998 on development of the Baltic economies, the two-factor model used in Section 4.1.3 was augmented by a third factor common for Russia and the Baltic States. The estimated results of the three-factor model appear in Table 6 .
The coeffi cient values for each of the factors are statistically equal for neighbouring countries, suggesting that the factors obtained have a similar impact on economic activity in Latvia, Lithuania, and Estonia (see Table A11 ).
The results of the third common factor show that the coeffi cients of the common factor for the Baltic States and Russia are not statistically signifi cant (see Table A4 and Table 6 ). However, graphic representation of the extracted common factor (see Chart 3) shows well-defi ned and statistically signifi cant periods in development of the Russian economy, important for the explanation of economic fl uctuations in the Baltic States, captured by the third common factor, namely the Russian crisis of 1998.
1st common factor (LV, EE, LT, IT, FR, DE) 2nd common factor (LV, EE, LT) 3rd common factor (LV, EE, LT, RU)
Chart 3 Common factors for real standardised GDP growth in the three-factor model; +/-2RMSE Comparison of common factors for real standardised GDP growth in the Baltic States obtained from the two-and three-factor models with and without a specifi c factor for Russia (see Chart A12) shows that inclusion of a common factor for the Baltic States and Russia infl uenced the dynamics of the common factor for the Baltic States during 1998-1999. The decline in economic activity in the Baltic States has a less pronounced trough in the second half of 1998 due to exclusion of the Russian crisis pattern represented by a sharp drop in GDP growth (see Chart 3, the third common factor).
The common factor for the Baltic States and Russia is mainly formed by the dynamics of Russian real standardised GDP growth. The average correlation of Latvia and Estonia with this factor is rather high mainly due to a similar response to the Russian crisis of 1998 (see Table 7 ). 
The graphic representation of common factor contributions to the dynamics of real standardised GDP growth for Latvia appears in Chart A13.
The decrease in Russian economic activity in the fi rst half of 1998 resulting from negative tendencies in the world fi nancial markets and the fi nancial crisis in Russia in the second half of 1998 is removed from the common factor for the Baltic States. The response of the Lithuanian economy to the Russian crisis was weaker and the following recovery slower compared with neighbouring countries. In the present study, the structure of the dynamic factor model is defi ned as a fi rst-order auto-regressive process, so that the effect of economic growth in Russia on GDP growth in Lithuania should be evaluated with caution (see Chart A13).
Correlation between real standardised GDP growth for Latvia, Lithuania, Estonia and the factor common for the Baltic States and Russia indicates that until 2003 the correlation for the Baltic States is stable and rather high due to a similar response to the Russian crisis as discussed earlier. After 2002, when the impact of the crisis is excluded from the analysis, the moving correlation between real standardised GDP growth for Latvia and Estonia and the third factor common to the Baltic States and Russia becomes less stable and, on average, smaller (see Chart A14).
Conclusion
This paper identifi es a number of facts about observed common factors in real standardised GDP growth of the Baltic, CEE and main euro area countries, as well as Russia. Dynamic factor models are used to extract joint fl uctuations (common factors) in growth of real standardised GDP series for different countries and to assess the contribution of those factors to total GDP growth in each country.
The main results of four specifi cations of the dynamic common factor model are as follows: -The Baltic States share a common pattern in GDP growth, represented by an obtained common factor for these countries. Lithuania, due to its specifi c economic structure, represents a lower degree of synchronisation between the common factor and real GDP growth in comparison to the other Baltic States.
-The existence of a common factor in the economic activity of the Baltic States and the main euro area countries is proved by the results of the two-and three-common factor models. The results of four-year moving correlation between the common factor and series of real standardised GDP growth of countries show that after 2000 real standardised GDP growth in the Baltic States became more synchronised with GDP growth of the main euro area countries.
-Results of the two-and three-factor models show that the role of a common factor for the Baltic States remains signifi cant and pronounced under different specifi cations. The existence of a common factor for the Baltic States could be interpreted as a region-specifi c development path, associated with pronounced restructuring and convergence processes of the economies.
-The Baltic and CEE countries do not share a common factor in development of real GDP growth during the period analysed. Additional analysis of the CEE and euro area countries suggested that these countries share a common factor, with increasing synchronisation between regions since 2004. This fi nding shows that the CEE and Baltic countries are both moving towards higher synchronisation with the euro area, and with time the synchronisation between the CEE and Baltic States might improve. Chart A2 Correlation between series of real standardised GDP growth and common factor for the Baltic States computed over a four-year moving window (Latvia, Lithuania, Estonia) Chart A8 Correlation between series of real standardised GDP growth and common factors computed over four-year moving window Chart A12 Comparison of common factors for real standardised GDP growth in the Baltic States obtained from two-and three-factor models (with and without a specifi c factor for Russia; Baltic States, main euro area countries, Russia)
Chart A13 Contribution of common and individual factors to dynamics of real standardised GDP growth (three-factor model) 2nd common factor (LV, EE, LT) 3rd common factor (LV, EE, LT, RU)
Chart A14 (continued)
